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The Marvels of the Body 


ID- ANYONE EVER tell you that you were all wet? That is correct, you 
D know, though perhaps not in the way the remark was intended. For 
a fundamental fact of life is that our bodies float in water. Every cell that 
we call our own is constantly bathed in a fluid environment, Scientists 
refer to this fluid as the internal medium. In most places in the body, the 
internal medium is only a film separating each tiny cell from its neighbours. 
The medium is more than just a screen of water. All the things—food, 
energy, waste material—that pass into or out of our cells are transmitted 
in the internal medium. In this way, the fluid serves as the middleman of 
life, the reservoir connecting our living selves with the outside world. 

Although the world around us is a changing place, the human body’s 
internal environment is remarkably unchanging. The body can live where 
it is very hot or where it is very cold, within reasonable limits, of course. 
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Female aquanauts "at work" in the Caribbean. They lived fifty feet beneath the sea 
as part of a biomedical research project to determine how people function undersea. 


This Air Force nurse may one day be an astronaut. She is participating in a test to 
set medical standards for the personnel who will fly the Space Shuttle. 


The body does well at high altitudes or at altitudes below the level of 
the sea, again within limits in both directions. A look at the variety of 
food eaten around the world shows that the body can exist on a wide 
range of diets. But despite the marked changes in the external environ- 
ment, the internal environment somehow remains constant. This ability 
to “roll with the punch” is one of the marvels of the body and explains 
why we can live almost anywhere on the face of the earth. 


What Is Homeostasis? 


T MAY SEEM LIKE A CONTRADICTION that when we are healthy the 
I internal medium remains almost exactly the same despite wide 
changes in our environment. For instance, the temperature of the internal 
medium remains almost constant in winter as in summer, in the heat of the 
jungle as in the cold of the South Pole. The chemical make-up of the 
internal medium remains the same when we are healthy as well as when 
we are sick. In other words, we stay the same inside even though the out- 
side world changes a great deal. This tendency of the internal medium to 
remain fixed and constant is called homeostasis. The word comes from 
two Greek words, homoio- which means "like" or "resembling" and stasis 
which means “position”. 


How the Body Adapts 


ET'S LOOK AT AN EXAMPLE of how our adaptability works to preserve 
homeostasis. It happens if we live in a place that is at a low altitude 

and then go to stay for several weeks or more at a high altitude, some- 
where in the mountains. Oxygen from the air we breathe is used by our 
cells to burn certain kinds of food and in the burning to extract energy 
from the food. We'll discuss this later; for the moment, it is enough to 


HUMAN BODY TESTED IN CENTRIFUGE 


Homeostasis can be preserved only within the fairly narrow 
confines of the inner atmosphere. When man explores the 
outer atmosphere and goes into space itself, he must take 
his own "world" with him—in this case a full pressure suit. 
This one was designed for use in the X-15 rocket plane. 


know that oxygen is delivered to the internal medium for passage into 
tiny red cells in the blood. The amount of oxygen that gets into an ounce 
of red cells depends on atmospheric pressure. This pressure is greatest at 
sea level and decreases the higher we go. At sea level, the greater atmos- 
pheric pressure “pushes” more oxygen into an ounce of red cells than the 
lesser pressure at higher altitudes, 

If homeostasis is to be preserved at higher altitudes, then the total 
amount of oxygen delivered to the internal medium by the blood for 
transport to the body cells must stay the same. The body accomplishes this 
by manufacturing more red cells. The larger number makes up for the 
diminished carrying capacity of each individual cell. People who live high 
in the mountains are different from their sea level cousins in that their 
blood contains more red cells. But the amount of oxygen delivered to the 
internal medium is the same for both. A physical change takes place as the 
body adapts to the higher altitude, and homeostasis is preserved. 

Your red cells do not increase instantly, or even overnight, when you go 
to a high altitude. It happens gradually. This is why you'll hear people 
complain of being listless and tired the first few days after going to a high 
altitude. Their adaptability mechanism isn’t fast enough to keep up with 
the speed of modern transport. But once they adapt and homeostasis 
re-establishes the proper internal medium, they feel fine. 

You should not think of this increase in red blood cells as an illustration 
of the adaptability of the blood only. Getting more red cells into the blood 
is highly complicated and results from the co-operative efforts of many 
parts of the body. It involves nerves and bones and glands that make 
blood chemicals. It involves the brain and lungs and muscles and even the 
heart. In other words, the whole body adapts to the new environment, 
seeking and finding, in a co-ordinated way, a new level at which to operate 
to keep the internal medium unchanged. 


Self-sustaining Machines 


HIS BRINGS US TO THE IMPORTANCE of adaptability and homeostasis. 

When people go to high altitudes, they do not stop and think to them- 
selves: "Well, here I am, two miles high in the mountains. I'd better 
make some more red cells to keep the internal medium constant.” It 
doesn’t work that way, any more than we have to think from second to 
second about making our hearts beat. Adaptability and homeostasis are 
almost automatic. If we had to think out and work at every step in the 
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THE AVERAGE MAN carries almost 
100 pounds of water in his body. 
This table tells what percentage 
of our tissues is water: 


IN ANORMAL PERSON: 


Body temperature........ 


Heartbeats per minute . .. 
Blood pressure......... 


Sleep needed a day........ 
Size of babies at birth... .. . 
Births per mother......... 
Childbearing age.......... 
Number of hairs on head... 


FAT tissue is 20% water 
BONE tissue is 25% water 
CONNECTIVE tissue is 60% water 
SKIN tissue is 70% water 

LIVER tissue is 70% water 
MUSCLE tissue is 75% water 
KIDNEY tissue is 80% water 


SS EORR ME: 97°-99° F. 
2s 60-85 (at rest) 
. .120/80 mm (age 20) 
S RE RENNES 7-9 hours 
cen 7.3 pounds 
...2.4 (U.S. median) 


25.4 (U.S. median) 


VES eae Ts 120,000 


SOME DIFFERENCES BETWEEN MEN AND WOMEN 


Weight of heart 

Weight of brain 
Quantity of blood 
Surface area of skin 
Muscle content of body 
Fat content of body 
Bone content of body 
Total lung capacity 


Number of breaths per minute 


Men Women 
10 ounces 8 ounces 
49 ounces 45 ounces 
1.5 gallons .88 gallons 
2.2sq.yards 1.9 sq. yards 
42% 36% 
18% 28% 
18% ~ 18% 
6.8 quarts 4.4 quarts 
14-18 20-22 


functioning of our bodies, we would have time for nothing else. The 
detailed functioning of the body is so complicated, and so many things are 
happening at once, that this really would be impossible. 

Instead, our bodies are self-regulating, self-sustaining machines. We 
don’t have to think about making each part work. Adaptability and 
homeostasis take care of that for us. These two seemingly contradictory 


9 


SURVIVAL TRAINING IN HOSTILE ENVIRONMENT 


Learning how to survive under hostile conditions, Astro- 
naut Alan B. Shepard, Jr., underwent survival training in the 
Mojave Desert. There is always the possibility that an astro- 
naut will not return to earth at a predetermined spot. 


tendencies, working below the level of our consciousness and without any 
apparent effort on our part, give us time to think about something else 
besides mere moment-to-moment living. We have time to exercise our 
minds, time to engage in social activity. In short, adaptability and 
homeostasis give us time for living. 

These two concepts of adaptability and homeostasis are really new, 
compared to the long time men have been studying how their bodies 
function. The ancient Greeks knew a great deal about how various parts of 
the body work, but they did not anticipate the concepts of adaptability 
and homeostasis. One very important ancient school for investigating how 
the body works was the University of Alexandria in Egypt, where some of 
the earliest efforts were made to take human and animal bodies apart 
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to see what makes them run. But the Alexandrians, too, missed a real 
unified theory about the body. 

A formal theory based on adaptability and homeostasis has evolved 
only during this century. It is based on research going back several 
hundred years. An important milestone in learning how the body works 
and in developing useful theories about it was the discovery by William 
Harvey (1578-1657) in England that the blood circulates. Many an- 
cients—Egyptians, Chinese, Indians, Greeks—often were on the verge of 
this discovery and its meaning. But it was Harvey who took the work of his 
forerunners and, in careful step-by-step experiments, perceived what 
others had overlooked. 

Harvey opened new horizons with his investigation into how the body 
works, Since him, the giants of research have been many. Malpighi and 
Borelli of Italy; Stensen of Denmark; Leeuwenhoek and Boerhaave of 
Holland; Hales, Sloane and Hunter of England; Purkinje of Bohemia and 
Henle of Germany; Bernard of France; Beaumont and Cannon of the 
United States—these are only a few of the thousands of scientists who in 
the last four hundred years have slowly but surely pieced together the 
puzzle of the human body. 


Adapting the human body to a fifty-six-day space 
mission will be important to the success of America’s 
Skylab program starting in 1972. These space engi- 
neers are conducting biomedical experiments in Sky- 
lab’s work compartment. 


William Harvey of England. He per- 
ceived what others had overlooked. 


Today we know a great deal about the living body. Still, there is 
much that is as mysterious to us as it was to the ancients. Study about 
these machines in which we live—our bodies—remains adventuresome 
and exciting, a real challenge to the curious student. 


Four Big Jobs To Do 


ET'S TURN NOW to some general thoughts about how the body is 
organized to accomplish its task. If you have a big job to do and 
several people to help, the first thing you are likely to think about is 
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getting organized to work efficiently and effectively. Maintaining homeo- 
stasis in the face of external change is a big job and your body is organized 
to do it in an extremely efficient way. 

There are many different ways of dividing up the body for study. For 
our purposes, let’s think about the four big jobs our bodies have to 
perform. 

First, we have to take in food, process it to obtain energy and building 
materials and then get rid of leftover wastes, This involves two large 


KEEPING FIT IN SPACE 


Exercise was an important part of the astronauts’ daily rou- 
tines aboard orbiting Skylab I during the twenty-eight-day 
flight. Here, Astronaut Conrad rides the bicycle ergometer. 
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What happens within the human body when it is subjected 
to actual flight beyond the earth’s atmosphere? To provide 
medical data, sensors were attached to Astronaut Alan Shep- 
ard’s body before he suited up for his first space flight. 
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systems or divisions—the machinery for taking in food and the machin- 
ery for changing food into the chemical forms in which it can be used. 

Next, we have to deliver this energy and building material to the sites 
where it is needed and also separate unwanted by-products to be thrown 
away. This involves the heart and the lungs, the blood vessels, the blood 
itself, and the kidneys and bladder. 

Third, we need to use this energy and building material to give us form 
and movement. This involves the bones, muscles and skin of the body. 

Lastly, we have to keep everything running smoothly and on time, 
throw switches and open valves to keep the internal medium in proper 
adjustment. We do this job of co-ordination in two ways—with a system 
of nerves and a system of glands that put out slow-but-sure-acting 
chemicals known as hormones. 
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Cells: the Body's Living Stuff 


HE CELL IS THE SMALLEST UNIT of the body which can be said to be 

living. The body is made up of billions upon billions of these tiny 
living units. Cells vary in size from 1/16,000th of a cubic inch down to 
1/1,000th of that—so small that they can be seen only when magnified 
countless times under a microscope. Not only do cells come in different 
sizes, they also come in different shapes and forms. 

But though they differ widely (skin cells resemble nerve cells about as 
much as a fried egg resembles an octopus), all living cells are alike in one 
particular way. They are made of the peculiar stuff of life we call 
protoplasm, meaning literally, “first thing formed”. 

The first look at protoplasm under a microscope can be disappointing. 
It appears cloudy and murky and has the consistency of glue. Very often, 
protoplasm looks like the white of a raw egg. Altogether, protoplasm 
might seem unexciting and lifeless, not at all what one might expect the 
stuff of life to look like. 

But protoplasm is far from a simple glob of nothing. Indeed, the 
varieties of protoplasm are many, its chemical composition complex and 
involved. Protoplasm even varies within the different parts of a single 
cell. When organized into cell form, protoplasm possesses fundamental 
vital properties which set it apart as a living substance. 


17 


Here are some different kinds. 


NERVE CELL 


CARTILAGE CELLS 


CONNECTIVE 
TISSUE CELLS 


CELLS LINING LUNGS 


CELLS LINING ESOPHAGUS 


CELLS LINING TRACHEA 
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The Varied Nature of Protoplasm 


f XNE VITAL PROPERTY is irritability. This is the ability to respond to 
U an external stimulus, a change in the environment. Unlike inani- 
mate, lifeless substances, protoplasm reacts to such outside influences as 
light, temperature change, contact, the pull of gravity, electric current and 
changes in the chemical environment. 

Another vital property is conductivity. This means that the effect pro- 
duced by an irritating stimulus is not confined to the immediate neighbour- 
hood where the stimulus is applied. Instead, the effect spreads, or is con- 
ducted, throughout the mass of protoplasm. In the body, cells making up 
nervous tissue achieve the greatest degree of conductivity. A stimulus 
applied at one end of a nerve fiber spreads along the fiber at the rate of 
300 feet a second—about as fast as a revolver bullet. 

Still another life characteristic is organization. Although various chemi- 
| cals and minerals are known to be present in protoplasm, it is the precise 


A television camera is aimed down the barrel of a microscope at a 
cell, seen on the monitor screen, right. The white line shows the 
portion being studied on the oscillograph on the left of the camera. 
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P A normal brain produces a regu- 
Burro ea Mr eI lar pattern from each electrode. 

à : The upper pattern might be ob- 
i ] f I tained if the patient is suffering 
from a brain tumor; the lower 
pattern could be encountered 
during a convulsion. 


way in which they are organized that gives life to the substance. In recent 
years, researchers have managed to reproduce one-celled animals— 
amoebas—from their isolated parts, but this is the closest anyone 
has come to creating life in a test tube. At the same time, cells, 
tissues, organs and systems—all made of these perfectly organized specks 
of protoplasm we call cells—are in their own turn organized into the body. 

Probably the most distinctive vital property of a living substance is 
metabolism. This is the ability to transform food into energy and living 
tissue. Metabolism is really a series of complicated processes that take 
place inside the cell. 

Protoplasm is made up of nearly twenty different chemical elements. 
By far the most common of these are oxygen, hydrogen and carbon. But 
others include nitrogen, calcium, sodium, potassium, sulfur, phosphorus, 
iron, copper, chlorine, boron and bromine. These elements occur in the 
form of water (three-fourths of protoplasm is water), salts, proteins of 
all kinds, carbohydrates (starches and sugars) and fats. By and large, 
proteins (highly complex molecules made up of smaller molecules called 
amino acids) are used to build up new tissue. Carbohydrates, on the other 
hand, are the molecules which give up energy when they are split open 
during a destructive process called catabolism. 
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Protoplasm in the Cell 


S MENTIONED EARLIER, the exact nature of protoplasm varies inside 
A the cell. Near the middle, the protoplasm tends to be very dense 
and forms the nucleus of the cell. This is headquarters, or the central 
office, from which all cell activities are directed. Genes, arranged along 
threadlike material called chromatin to form chromosomes, are found 
inside the nucleus. Genes are the hereditary specks of matter passed from 
parent cell to daughter cells—from parents to offspring. The genes deter- 
mine how the cell will specialize and function as it fits into tissue and 
organs and systems. 

Outside the nucleus is another form of protoplasm, the cytoplasm. Ac- 
tually, the cytoplasm contains many different structures and substances, 
If the nucleus is thought of as the central office of the cell, then the 
cytoplasm can be thought of as containing the manufacturing shops and 
the warehouses. 

Surrounding the cell is another form of condensed protoplasm—the 
delicate cell membrane. The membrane, really a thin coat which encloses 
the cell, gives the cell shape and structure. But it has another role of equal 
importance. The membrane permits limited passage of highly selected 
foods and materials to pass in and out of the cell cytoplasm. The life of 
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MUSCULAR AND 
SKELETAL SYSTEM 
VENTRAL VIEW 


4. MUSCLE AND SKELETON—FRONT 


the cell, and ultimately the life of the individual, depends on the 
semipermeable nature of this membrane. 


Four Kinds of Tissues 


Q^HE BODY CONTAINS FOUR GENERAL KINDS of tissues—collections of 
{| similar cells gathered together for a common function. Connective 
tissues serve as the connecting and supporting material of the body. These 
tissues include bone, cartilage, ligaments, tendons and tiny elongated 
fibers which weave between the cells of other kinds of tissue to hold them 
together. Some kinds of fat tissue and portions of the blood are con- 
sidered modified connective tissue. Scars also are a form of connective 
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MUSCULAR AND 
SKELETAL SYSTEM 
DORSAL VIEW 


5. MUSCLE AND SKELETON—REAR 


tissue. In general, connective tissues bind masses of other types of cells 
together and form the supporting framework for the organs of the body. 

Another general category is contractile, or muscle, tissue. The category 
includes two subtypes—muscles which bring about motions and move- 
ment (walking, running, turning, stepping, etc.) and muscles which power 
the internal machinery of the body (stomach, intestines, glands, etc.). 
Muscles of movement are attached to the bones of the skeleton and are 
said to be voluntary, because they can be controlled by the conscious 
mind, Muscles that power the internal machinery are involuntary; they 
work without our conscious direction. 

The third major category, epithelial tissues, form the protective cover- 
ings of the body. The skin is epithelial tissue. So, too, are the thin 
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Superb physical stamina of America’s 
moon explorers is the result of years of 
training—including full-dress workouts 
with 150-pound backpack. This is Astro- 
naut James B. Irwin preparing for Apollo 
15 launch in midsummer of 1971. 


Muscular development can take 
several different forms. The pole 
vaulter needs very strong chest 
and arm muscles, but his weight 
must be kept to the minimum. 
This is Bob Gutkowski, a onetime 
Olympic champion. 


6. UP AND OVER 


coverings, called mucous membranes, which line the inside of various 
parts of the body. An example is the mucous membrane which lines 
the digestive system—the series of organs making up the tract along 
which we ingest and process food and eliminate wastes. Another example 
is the mucous membrane lining the respiratory system, including the 
lungs. Mucous membranes get their names, in part, from the fact that 
their cells secrete a viscid fluid, mucus, which keeps the lining smooth 
and moist. When inflamed or irritated, as happens with an infection, 
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HOW MUSCLES WORK 
BICEP RELAXED 


BICEP 
4 CONTRACTED 
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= TENSION 
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FORCE DOWNWARD FORCE UPWARD 


secretions are increased and the mucus becomes thicker. This is why with 
a nasal infection, such as might occur with a cold, we say our nose is 
"stopped up". 

Glands of internal secretion, the tiny clumps of cells which secrete slow- 
acting hormones into the blood to regulate body functions, likewise are 
made of epithelial cells. Indeed, epithelial tissues are by far the most 
common to be found in the body. 

A final category is nervous tissue. These are the highly specialized 
cells that make up the brain, the spinal cord and the nerves. Unlike 
other tissues, nervous tissues will not regenerate. That is, if nervous tissue 
is destroyed, new tissue will not grow up to replace it. 


The Digestive System 


ELLS ARE LIVING THINGS—ever working, growing, replacing worn- 
out protoplasm. To live, cells must be constantly supplied with 
energy and building materials and their excess products must be carried 
away. Cells get their energy and building materials from the foods we eat, 
from the water we drink and from the air we breathe. But how? Certainly, 
cells can't eat meat and potatoes and eggs and the things we usually think 
of as food. Obviously, cells don't breathe by the process we usually think 
of as breathing. 
Molecules of the foods we eat are much too complex in construction for 
our cells to handle. In fact, most food molecules are so big that they could 
never pass through the cell’s membrane to reach the interior. Because of 
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MAN'S DIGESTIVE SYSTEM 
The digestive tract actually consists of a long, winding tube into which a number 
of specialized glands pour their digestive secretions. From the mouth through the 
stomach, the action is mainly grinding and pulverizing. It is only when the food, 
now liquified, gets into the small intestine that it is absorbed. The large intestine 
is a huge pouch to retain waste products prior to elimination. 


this, the body must first break down the complex molecules of food into 
ever smaller and simpler sizes and shapes before they can be passed 
through the internal medium to the cell. This breaking down of food is 
digestion. The system along which digestion occurs is the alimentary 
canal. 

In a man six feet tall, the alimentary canal is a tubelike affair about 
thirty feet long. It begins with the lips and ends with the anus. Its major 
organs include the mouth, esophagus (food pipe), stomach, liver, pan- 
creas gland, small intestine and large intestine. 

It is sometimes thought that digestion occurs in the stomach. True, the 
stomach is one place where digestion occurs, but only a small part. As 
a matter of fact, digestion can be accomplished with large parts of the 
stomach removed, as sometimes happens with people who must have por- 
tions of their stomach cut away by a surgeon. 


Why Chewing Is Important 


IGESTION BEGINS IN THE MOUTH. The next time you take a bit of 
D food, notice that your mouth waters. This watery substance is 
saliva, a digestive juice, produced by six salivary glands, four beneath 
the lining of the floor of the mouth and two others—one on each side— 


Paul Anderson, a weight lifter, worked 
hard at developing his muscles. 
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high up and far back in the cheeks, just in front of the ear. These last 
two are the parotid glands. The virus of mumps has a particular liking 
for the parotid glands, giving the person with mumps swollen jaws. 
Saliva is mostly water and serves to keep the inside of the mouth moist 
(unless illness interferes with the glands, in which case the inside of the 
mouth becomes dry). But a tiny fraction of saliva is a chemical substance, 
called an enzyme, known as ptyalin. Its job is to break down the 
starch, or sugar, molecules of food. Perhaps you've wondered why good 
health requires you to chew your food well. Because, by chewing, you 
break the food into ever smaller pieces and expose more food surface to 
the action of ptyalin. This gives the enzyme a chance to do as much work 
as possible in the least amount of time. 

The tongue and the esophagus are the swallowing organs. The tongue 
pushes, the esophagus squeezes. Together they deliver chewed food, mixed 
with ptyalin, to the stomach. The tongue contains a variety of tissues. 
These include, for instance, the taste buds, which are bits of nervous 
tissue connected to the brain. Some of these buds are stimulated by 
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RESPIRATORY AND 
DIGESTIVE SYSTEM 
VENTRAL VIEW 


7. AIR AND FOOD—FRONT 


sweetness, others by sourness. The way something tastes depends on the 
combinations of these buds that the food stimulates. But by far the largest 
portion of the tongue is muscle tissue. This muscle contracts, first toward 
the tip of the tongue and then, in a wave, gradually further back as the 
tongue literally pushes food backward and downward into the’ esophagus. 

Here, but for the presence of a limp flap of cartilage called the 
epiglottis, complications could set in. The trachea, or wind pipe, through 
which we breathe, opens at almost the same point as the esophagus 
and the two run parallel for some distance. Obviously it wouldn’t do for 
food to go down the trachea. To prevent this, as the tongue begins its 
swallowing contraction, the epiglottis flaps down over the trachea to seal 
it off for the moment or two it takes for food to pass into the esophagus. 
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RESPIRATORY AND 
DIGESTIVE SYSTEM 
DORSAL VIEW 


8. AIR AND FOOD—REAR 


Now you can understand why people who talk and eat at the same time 
have trouble. Talking is done by expelling air upward out of the lungs and 
this requires that the epiglottis be open. But the epiglottis can’t be open 
and closed at the same time and those that try to make it do so by eating 
and talking at the same time often wind up choking—with food down their 
windpipe. 

The esophagus is about ten inches long. When food enters the muscular 
tube, its presence and the consequent stretching of the wall throw the 
muscle into a state of contraction. This contraction spreads as a wave 
downward pushing the food toward the stomach. This wavelike contrac- 
tion, as we will see in the case of the intestines and other organs, is 
called peristalsis. 
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Action in the Stomach 


HE STOMACH IS A MUSCULAR sac-shaped organ lying on its side just 

below the bottom of the rib cage. This is the body’s churn. By 
peristalsis, the stomach squeezes and resqueezes food, breaking it into 
smaller and smaller particles and mixing it thoroughly with more digestive 
chemicals or enzymes oozed out by special tissues in the walls of the 
stomach. A single meal may remain in the stomach an hour or two being 
churned into liquid. 

An important enzyme called pepsin is contributed by the stomach. 
We have seen that ptyalin in saliva begins breaking down carbohydrates. 
In the main, it is from carbohydrates that the body draws energy. Pepsin, 
on the other hand, begins the breakdown of proteins which the body 
cells use for new building materials (materials, for instance, for making 
more digestive enzymes to replace those used in digestion). 

The stomach also contributes acid. The slight acidity of the fluid, or 
chyme as it is called, when it leaves the stomach and passes to the small 
intestine serves several purposes. For one thing, acid kills bacteria, leav- 
ing the fluid sterile. For another, the acidity serves to trigger nerve signals 
causing the flow of still more and different digestive juices into the upper 
portion of the small intestine. Some of these flow in from the liver and 
gall bladder by way of a channel called the bile duct; others flow in from 
the nearby pancreas gland, a structure about as big around as two fingers 
and about eight inches long. All these enzymes and juices are important 
in the continued breakdown of chyme into simple and usable forms of 
carbohydrates, proteins and fats. 

The small intestine, in the adult, may be as long as twenty-four feet. 
The upper few inches is the duodenum (ulcerations due to gastric 
acidity occurring here are called duodenal ulcers). The next six to eight 
feet make up the jejunum and the remaining portion the ileum. The 
liquid contents are kept moving along by peristalsis. 


Where Digestion Takes Place 


T IS IN THE SMALL INTESTINE that the main business of digestion takes 
I place. More digestive juices are added to continue the breakdown of 
food and, equally important, the simplified products of this breaking-down 
begin passing through the intestinal walls by absorption for distribution to 
the body. The intestinal walls are covered by millions of tiny finger-like 
structures called villi. Tiny blood-conducting channels lie very close to the 
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A WINDOW ON THE HUMAN OPTIC NERVE 


Scientists have tried for more than a century to learn 
how many fibers there are in the human optic nerve. The 
nerve transmits visual signals from receptor cells in 
the eye to the brain. 

Now, Albert M. Potts, a University of Chicago 
ophthalmologist and his associates at the university and 
at the Argonne National Laboratory have counted the 
fibers. There are 1.2 million. They fed some 500 
individual photographs that together gave a visual 
picture of the optic nerve into an automatic image 
processor at Argonne. The processor took eight hours 
to come up with the answer. It also gave the exact 
diameter of each of the fibers and measured how many of 
them occupy a given area in the photographs. 

The data and photographs from the processor have 
provided Potts and his colleagues with new information 
on how glaucoma and other diseases affect optic nerve 
fibers. Glaucoma, for example, first kills the larger 
fibers in the outer edges of the visual field. Multiple 
Sclerosis and wood alcohol poisoning attack the smaller 
fibers from the central part of the visual field. 

The data and photographs have also told them things 
about the receptor cells (light sensitive cells) in 
the eye. For example, if a receptor cell is damaged, 
the nerve fiber connecting it to the brain will die 
within several weeks. 


DETECTING RAGWEED ALLERGY 


Twenty per cent of all Americans are allergic to 
Something or other. Yet to diagnose the particular N 
allergies physicians have had to rely on rather 
elaborate skin tests in which skin cells react or don't- J 
react with allergens (substances that cause allergies) LY 
put in their presence. | 

A test for diagnosing ragweed alier that promises 
to be superior to skin tests for ragweed allergy was 
reported by John Santilli of Georgetown University 
School of Medicine. The test is based upon phagocyte 
response to ragweed pollen. Phagocytes are a kind of 
white blood cell that engulf foreign materials; they 
are one of the immune responses of the body. 

Santilli and his co-workers put pollen with phagocytes 
taken from persons who were allergic to ragweed and 
with phagocytes taken from persons who were not. They 
found that the phagocytes from the allergic people could 
not take up the pollen nearly as well as could the 
phagocytes from the nonallergic individuals. 

They concluded that ragweed allergy results from a 
defect in phagocytic response. They devised a simple 
blood test which can tell whether a person is allergic 
to ragweed by testing phagocyte activity. 


ELECTRICAL RELIEF IN THE DENTAL CHAIR 


Electrical blocking of nerve impulses is not new. But 
it is now being used to relieve pain from dental work. 

P. P. Newman, a British neurophysiologist, reported on 
an instrument of Russian design which is based on sound 
physiological principles. He predicts that it may 
become the method of choice for treating children, 
nervous patients and pain-sensitive patients. L 

Newman recorded the nerve impulse made by a frog 
nerve. Then he applied current from the dental 
instrument to the nerve. The current turned off the 
nerve impulse. When the current was switched off, the 
nerve could again make an impulse. Since nerve impulses 


the closer the touches will be when they are perceived 
as two. 

Pain sensitivity was measured with a dolorimeter. 
Heat was applied to the arm gradually. The time between 
the onset of heat and the first indication of pain was 
used aS a measure of sensitivity. F 

The subjects were tested before the experiment and ' 
on the third and seventh days. They became increasingly 
sensitive as the experiment progressed. The researche: s 
concluded that the deprivation of sight resulted in a 
significant increase in pressure and pain sensitivity. 
A control group, however, showed no increased 
sensitivity. 


X-RAYS OF THE BRAIN 


A new technique, hailed by some physicians as the 
most important advance in X-ray diagnosis since its 
original development, promises to give a detailed new 
look at the inner brain unavailable now even with the 
most advanced equipment. 

By analyzing the signal received by two electronic 
detectors of a thin X-ray beam scanning a patient's 
skull, a computer is able to depict any desired brain 
cross section on a television screen from which a 
Polaroid snapshot is made for permanent reference. A 
computer engineer, Godfrey Hounsfield, developed the 
device. 

Previously, detection of brain tumors and other 
disorders required injecting fluids into the cranium, a 
costly, painful and dangerous procedure for the 
patient. By rotating a thin X-ray beam about the head, 
the device produces detailed information about a 
particular region of the brain with relatively little 
radiation exposure. 


cause pain, Newman is convinced that the current from 
ne instrument can prevent dental pain. 


WHAT POLLUTION DOES TO YOU 


Acr pollution can make you more susceptible to a 

. wias variety of ailments, ranging from eye irritation 

' tcjanimal bites, according to a study conducted by 

/ Robert Wassall of the National Oceanic and Atmospheric 
Administration and I. H. Kornblueh of Northeastern 
Hospital, Philadelphia, Pennsylvania. 

They found, as expected, that when smog increased so 
G.14 incidence of eye irritation, lung or pulmonary 
disorders and nosebleeds. But the researchers also found 
that both traffic and non-traffic accidents rose sharply 
with levels of atmospheric carbon monoxide, long known 
to reduce human reflexes and judgment under laboratory 
conditions. Males seemed more susceptible than females 
to this effect of carbon monoxide. 

Finally, for reasons not yet understood, more patients 
complained of animal bites on days when the air 
contained more suspended particulate matter. 


FEELING IN THE DARK 


Blindness, it is believed, is compensated for in some 
i ‘sons by increased sharpness in other senses. 
Psychologists at the University of Manitoba in Winnipeg 
have found that even one week without sight can result 
in an increased acuity in the sense of touch. 

John P. Zubek, Michael Bross and W. Gelfant measured 
the sensitivity to pressure and pain applied to the 
forearms of fourteen students who volunteered to spend 
Seven days in total darkness. Pressure sensitivity was 
measured by an instrument called the esthesiometer. In 
this test the skin of the subject is touched in two 
places at the same time. When the touches are close 
together, they feel like one. As they are moved farther 
apart, both can be felt. The more sensitive the skin, 
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surfaces of the villi. Much of the simplified food passes through the thin 
walls of villi and into these blood channels for transport to the liver, the 
body’s great chemical factory and one of the largest organs of the body. 

The fat portion of food is handled differently. This passes not into the 
blood channels but into other fine channels called lacteals, which con- 
verge to flow into another system of draining vessels which carry the fat 
droplets into the thoracic duct. This thoracic duct carries tissue fluid up 
along the backbone until it empties into one of the large veins of the neck. 

As the contents pass further down the small intestine, more and more 
of the usable portions are removed into the blood until little is left. The 
very much reduced volume passes into the large intestine, another tube- 
like structure, twice as large in diameter’ but shorter than the small 
intestine. The large intestine includes the cecum, the colon, the rectum 
and the anus. Water continues to be absorbed through the walls of the 
large intestine and the remaining waste material, pushed along by peri- 
stalsis, becomes more solid and formed. 

A dead-end, saclike extension runs off the cecum for a distance of two 
inches or so. This is the appendix. It is now a useless structure. Today, 
we are most aware of the appendix when it becomes infected and must 
be removed. 

Bacteria are found to some extent in the lower portion of the small in- 
testines and, in increasing numbers (millions and billions), in the large 
intestines, Perhaps you are used to thinking of bacteria strictly as harm- 
ful causes of disease. This is true of only a few of the hundreds of dif- 
ferent kinds of bacteria. The majority of bacteria have nothing to do, 
good or bad, with human beings. And at the other end of the scale, there 
are bacteria which turn out to be very helpful to the human body. The 
bacteria found normally in the intestines are of this latter class, for, in 
carrying out their own life processes, they help us manufacture the im- 
portant vitamin K, which, like other useful materials, is absorbed into the 
blood through the intestinal walls. Fecal matter, of course, contains the 
useless end products of digestion. But it also contains—in fact, is made 
up largely of—dead bacteria from the large intestine. 


Functions of the Liver 


NE OF THE MOST IMPRESSIVE ORGANS in the body is the liver, not 
only from the standpoint of size but also because of the many 
functions and services it performs. As with most vital organs of the body, 
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THE LIVER 
INFERIOR VENA CAVA 
(TO HEART) 


LEFT LOBE 


RIGHT LOBE 


CAPILLARIES, 


LIVER CELLS GALL BLADDER 


there is such an abundant supply of liver tissue that we can continue 
living even if we lose up to three-fourths of the organ. 

Let’s look at how the liver works. The blood channels which absorb 
digestion products through the intestinal walls merge into a portal vein 
which flows to the liver. Still another blood channel, the hepatic artery, 
this one carrying blood laden with oxygen, empties into the liver from the 
heart. In the liver, these two bloods—one rich in food materials, the other 
rich in oxygen—are mingled. With this mingled blood, the liver carries 
out its complex tasks, removing raw materials and building them into 
useful forms, then adding these to the blood which flows through the 
hepatic vein back to the heart for distribution throughout the body. 

The liver also has an important storage function. It stores iron and 
proteins and sugars and vitamins, then releases them into the blood as they 
are needed. The liver also is a blood cleaner, filtering out of the blood 
harmful substances which are neutralized, or destroyed, or stored for later 
excretion in small, harmless amounts. Still another function of the liver 
is to manufacture one of the digestive juices, bile. 

It is through the liver that the alimentary canal makes its major con- 
tribution to the blood stream—the body’s river of life. 
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BLOOD TRANSFUSIONS 
Some types mix—some do not 


This diagram shows the four main types of blood and which 
ones will mix with which others. The solid clump means 
that the two will mix, the dotted one means they will not. 


DIAGRAM OF BLOOD TYPES 


RECEIVER 


The Blood Stream 


T LEAST THREE BODY SYSTEMS work together in maintaining the per- 

fect balance of the river of life: They are: the blood itself; the 

heart and the blood vessels, often called the cardiovascular system; the 

lungs, or respiratory system; and the lymph system, which drains fluid 
away from tissues, cleans it and returns it to the blood stream. 

We've already seen how the digestive system influences the river of 
life, so, if you want, you can add that system to the team. As we will see 
later, there are still other systems which exercise influence on the river of 
life. That so many systems play a role in the story only emphasizes how 
important this river is and how much we depend upon it. 

Blood comprises about seven per cent of the total body weight. It dif- 
fers from other tissue by virtue of the great amount of fluid carrying the 
living blood cells. About half of what we might think of as corresponding 
to a solid tissue are the blood cells themselves; the other half is a liquid 
called plasma. 
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OXYGEN 


BLOODSTREAM — RIVER OF LIFE. 


It carries oxygen to the tissues and 
brings carbon dioxide to the lungs to 
be expelled. Blood is pumped from the 
left ventricle of the heart through the 
arteries and into the tiniest capillaries. 
The blood flows back to the lungs, 
where the process starts again. 


LEFT 
VENTRICLE 


ARTERY 


VEIN —3À 


CARBON DIOXIDE 


The function of blood is to carry nutrients, gases and heat to the body 
tissues; to carry\waste materials away from the tissues; and to provide a 


defensive line against infection by outside agents. 
Particles in blood include white cells or leucocytes, red cells or eryth- 
rocytes and platelets or thrombocytes—fragments from cells in bone mar- 
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A hospital laboratory technician processes samples of blood for 
typing and matching in a blood transfusion clinic in New Yo 
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White cells—there are a wide variety of them—are often described as 
the body’s soldiers, Their function is to protect the body against invading 
and disease-causing foreign bodies and agents and also to carry away or 
destroy dead body tissues. By far the most plentiful are the granular 
white cells, so called because when they are stained with a special dye 
and viewed under a microscope, they appear to be flecked with granules. 
Nongranular white cells also are present in the blood, but in smaller 
numbers. 

White cells do their work in several ways. Some gobble up microbes or 
dead tissue. Others produce substances called antibodies that unite with 
invading poisons and render them harmless. Still others surround and 
wall off an invading agent, sacrificing themselves for the sake of the body. 
Perhaps you have seen pus in an infected sore. Pus is made up of dead 
white cells lost in this battle. When we are ill with a fever or infection, 
the body responds by producing an unusually large number of white cells. 

Some white cells are formed in the inner marrow of our bones and pass 
into the blood stream through tiny blood vessels which wander through 
bone marrow. Others are made in the lymph system. Although present in 
the blood, these lymph-made white cells are most plentiful in lymph 
tissue nodes found throughout the body. 


A physician attaches a blood-pressure cuff. 


Red Cells Make Blood Red 


ED CELLS GIVE BLOOD its red hue. These, too, are manufactured in the 
bone marrow. They get their red hue from a protein, hemoglobin, 
a main ingredient of which is iron. 

Red cells can be thought of as transport trucks. They pick up oxygen 
in the lungs and carry it to the body tissues for use in oxidizing, or burn- 
ing, carbohydrates. When carbohydrates burn, they give up energy which 
the tissues use in doing their work. A product of this burning is carbon 
dioxide. The red cells, empty after delivering their oxygen loads, pick up 
carbon dioxide from the tissues and transport it to the lungs—later to be 
breathed out through the mouth and nose. 

It is easy to see that red cells are vital to life. Any interruption in their 
work deprives the body of oxygen. The average body contains more than 
12.5 trillion of these vital little transport trucks. Each lasts no more than 
about four months. New ones are continually being made. 

Platelets, fragments of huge cells found in bone marrow, have to do 
with blood clotting. They are very small, compared even to red cells. 
Sticky and flat, platelets tend to patch up holes in blood vessels. Also, 
they are capable of activating, when necessary, a series of blood reac- 
tions which result in the formation of clots, those networks of tough 
fiber-like threads that form over cuts and bruises and keep us from losing 
all our blood. 
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Blood plasma, the liquid portion of blood, is a highly complex solution 
indeed. Its ingredients are almost too numerous to mention. All the dif- 
ferent proteins, minerals and other substances destined for delivery to 
tissues are dissolved in plasma. So are other chemicals that do such jobs 
as regulate body temperature or help tell the heart how fast or slow to beat. 
Also in plasma are found the many materials that, when triggered by 
platelets, work together to make clots, But blood, important as it is, is 
nothing without the heart that pumps it and the vessels that carry it. 


The Heart: Two in One 


T MAY NOT BE OBVIOUS, but we actually have two hearts—a right heart 
I and a left heart, each with its own upper chamber or atrium and 
ower chamber or ventricle. Blood does not flow between the right and 
left pumps directly. Each side handles a different kind of blood and pumps 
it to a different destination for a different purpose. 

The right heart handles the pumping of blood to the lungs where the red 
cells, laden with carbon dioxide from the tissues, give up this gas and take 
on their loads of life-sustaining oxygen. The left heart receives the oxygen- 
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laden blood from the lungs and pumps it out to the body. In both cases, 
entering blood is received into the upper chamber and expelled from the 
lower chamber. In practice, the two hearts beat as one. 

The heart is made of muscle. It is, in fact, the hardest working muscle 
in the body. A heartbeat begins as muscle cells near the top of the upper 
chambers contract, and in so doing shorten their length. The contraction 
wave continues from cell to cell downward through to the walls of the 
lower chambers. This period of contraction—you can think of it as 
wringing blood from the heart—lasts only a fraction of a second and is 
called the systolic period of the heartbeat. For another fraction of a second 
the heart relaxes while it fills again with blood. This relaxed period is 
diastole. One complete heartbeat includes systole and diastole. 

The heart beats from sixty to seventy-two times a minute, on the 
average, but the rate changes as needs arise. In an hour, the heart 
pumps the equivalent of about three barrels of blood. 

In the lungs, the pulmonary artery divides and redivides into ever 
smaller vessels, much as a tree trunk branches into smaller limbs and 
twigs. Blood from the right heart follows these branches until it reaches 
vessels hardly bigger around than a blood cell. The walls of these smallest 
and most delicate vessels are very thin, one or two tissue cells in thick- 
ness. These vessels wind around and lie immediately next to almost 
equally small air sacs in the lungs. There are millions and millions of 
these air sacs, and it is between them and the tiny blood vessels that 
oxygen and carbon dioxide are exchanged. 

The difference between arteries and veins is important. The rule is: 
vessels carrying blood away from the heart are arteries, and vessels carry- 
ing blood back to the heart are veins. A further rule, but one to which 
there is a major exception, is that arteries carry oxygen-laden blood, 
called arterial blood, and veins carry oxygenless blood, called venous 
blood. The exception, of course, we already have seen—the pulmonary 
artery carries venous blood away from the heart to the lungs, while the 
pulmonary vein brings arterial blood back to the heart. 


How the Blood Circulates 


HE GREAT AORTA IS the body’s largest blood vessel (sometimes an 
inch or more in diameter) and the trunk of its arterial tree. As blood 
flows along the aorta, the great artery begins branching, like the pulmonary 
artery, into slightly smaller, but still good-sized arteries. These arteries 
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conduct blood to major sections of the body. For instance, one of the first 
branches, the coronary artery, carries oxygen-laden blood to the heart 
muscle to keep that highly important tissue continually replenished so it 
can perform its hard work without interruption. Other arteries branch off 
to carry fresh blood upward to the head and brain, outward to the arms, 
downward to the legs, and to the vital internal organs. 

All the blood does not visit every organ each trip around the body. 
You can get a mental picture of circulation by visualizing a ladder. The 
heart is at the beginning of the ladder. The left-side rail is the aorta drain- 
ing the left heart. The right-side rail is the major vein that returns 
blood to the right heart. The rungs represent the various organs and 
sections of the body. As blood flows along the left rail, some of it is 
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shunted through the first rung, over to the venous side and back to the 
heart. Other blood goes through the second rung and still other blood 
through the third, and so on. 

Arteries branching off the aorta to the major body organs and sections 
in turn divide into smaller vessels called arterioles, meaning small arteries. 
The arterial tree, then, includes the aorta, the arteries and the arterioles. 

Walls of the arteries and arterioles have two layers—a slick inner lin- 
ing only one or two cells thick and an outer coat of smooth muscle tissue. 
The smallest arterioles have a muscular coat that plays an important role 
in determining blood pressure. By contracting it constricts the size of the 
vessel opening, and by relaxing it permits the vessels to become larger. 
This is how the vessel muscles control blood flow in different parts of the 
body, depending on local needs for blood. i 


CIRCULATORY SYSTEM 
DORSAL VIEW 


10. BLOOD CIRCULATION—REAR 
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Function of the Kidneys 


OTENTIALLY HARMFUL EXCESS CARBON DIOXIDE is removed from the 

blood by the lungs, but there are other products—waste chemicals 
contributed by cells as part of their metabolism—that also must be 
filtered out of the river of life and discarded. This is the job of the 
kidneys. 

There are two kidneys, one on either side of the spine toward the back. 
Arteries that carry blood to the kidneys branch off the aorta as one of the 
rungs in our ladder. These arteries divide into small arterioles within the 
kidney tissue. Eventually, each arteriole gives rise to a tuft of very small 
vessels. Each tuft is surrounded by a membrane and this is called a 
glomerulus. It is across two million of these microscopic structures that 
one-tenth of the blood is filtered. 

A large volume of fluid, now lacking cells and proteins, flows along 
tiny tubules. As it flows along these tubules, many changes occur and 
ninety-nine per cent of the fluid is returned to blood. The small remain- 
ing portion leaves the kidney as urine. It is drained from the kidney by a 
tube, the ureter, which carries the urine into the bladder where the waste 
fluids are stored until urination occurs. 


Capillaries and Venules 


S BLOOD MOVES ON through the smallest arterioles, the vessels divide 
A again and lose their muscular outer coat so that all that is left is 
the slick, ultrathin inner lining only one or two cells thick. These are the 
capillaries, those tiniest of all vessels which make possible the final delivery 
of nutrient chemicals and oxygen to the cells and at the same time permit 
other materials to move from cells to blood. Capillaries are so small they 
can be seen only under a powerful microscope. They are so numerous 
that if all the capillaries from just one person were laid end to end, they 
would stretch for miles. 

As they continue on, entwining among the tissue cells, the capillaries 
begin rejoining and forming larger vessels with thicker walls. They are 
the venules, the smallest of all veins. Capillaries, then, connect the arterial 
tree leading away from the heart, with the venous tree leading back to the 
heart. 

As the venules join up to form larger veins, we find that the blood is 
now moving under less pressure than it does through arteries. This is true 
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Soon after the splashdown of Skylab I, Astronaut Weitz underwent a medical check 
aboard the U.S.S. Ticonderoga. Doctors were interested in the effects on his body 
of the twenty-eight days in space. 
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because the push from the heart and the aorta is not transmitted through 
the capillary beds. 

All veins eventually merge into the two major veins found very near 
the heart: the superior vena cava, which receives venous blood from the 
head, arms and upper trunk; and the inferior vena cava, which receives 
venous blood from the lower trunk and legs, As these two join together, 
they almost immediately empty into the upper chamber of the right heart. 
The river of life has gone full circle. Blood following the shortest route in 
our ladder of circulation makes the trip out of the heart and back again in 
only about seven seconds. The longest route in the ladder takes at the most 
twenty or thirty seconds. 


Bones: Form and Movement 


HE BONY SKELETON, together with the powerful voluntary muscles 
and the skin, gives the body its form and provides the mechanism for, 
among other things, movement. 

We say among other things because, as is the case with almost all 
organs and systems, the bones and muscles and skin perform several 
functions for us. 

The skeleton is composed of 206 bones. Not only does the skeleton 
provide the body with its framework, but it is in the inner marrow of bone 
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Some ways we spend our energy” 


MEN WOMEN 
At rest in bed 1.2 calories 1 calorie 
Standing 1.3 calories 1.1 calories 
Working at a desk 1.6 calories 1.5 calories 
Stirring soup 2.7 calories 1.3 calories 
Shining shoes 3.3 calories 1.5 calories 
Washing and dressing 3.6 calories 3.3 calories 
Brisk walking 5.1 calories 2.9 calories 
Making beds 7.0 calories 5.4 calories 
Hard exercise 10 calories 10.8 calories 


*This energy is gauged in calories, the heat-producing value of 
food, The body uses two-thirds of the energy it gets from food 
for normal daily functions. 


that important blood cells are manufactured. The solid, ivory-like outer 
layer of bone, from which bone derives its rigid strength, is called the 
cortex, and surrounding the cortex is a tough but thin fibrous capsule. 
The tendons of muscles and ligaments of joints attach to bones by means of 
this tough fibrous capsule. 

Bones combine strength—surprising strength, in fact—with lightness. Of 
course, bones do break, especially when sudden pressure is applied while 
a bone is under tension. Then bones demonstrate they are indeed alive 
by knittfhg back together again. 

Muscles that pull on bones and make them, and us, move are called 
striated muscles. Under a microscope their long thin cells appear to have 
stripes across them. Muscles perform work—that is, they move bones in 
relation to one another—only when they contract. They can be stretched, 
but this leads to no useful work. 

Virtually all the major movements of the body work on a paired 
muscle principle. The two muscles are said to be antagonistic since they 
pull in opposite directions. Pairs of muscles bend and unbend the elbows, 
wrists and ankles; other pairs make the shoulders and hips move and 
even flex and unflex the fingers and toes. 
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Ligaments connect bones with other bones. These are tough and slippery 
ropelike structures that help limit the motion of a joint such as the elbow 
or the knee. When, by accident, we rotate a joint further than its design 
should permit, the ligaments are stretched and sometimes broken. A 
common but serious athletic injury is severed ligaments in the knee. 


Athletes must be particularly careful of their muscles and 
ligaments. Note this player’s protective bandages. 


JOINT STRUCTURE IN THE BODY 


SHOULDER ` KNEE HIP 


Muscle cells, when they contract, burn great amounts of energy-giving 
carbohydrates and fat. Because of this, muscles not only propel the body 
movements, they also provide the body with heat. This is why it is a good 
idea to keep moving when you are cold; your muscles burn more fuel when 
you move them and thus generate more warmth. 

If we choose to speak of the muscle system as the body’s furnace, we 
would speak of the skin as the radiator through which the body gets rid of 
heat. The skin is rich in blood vessels. These blood vessels are readily 
dilated to dissipate heat from the body. This is why an overheated person 
often looks flushed—his skin blood vessels are dilated to speed up the loss 
of heat. In the cold, the skin vessels become constricted, and the heat 
lost by radiation is greatly reduced. 


The Body’s Co-ordinators 


O FAR, WE HAVE SEEN how the various body systems work separately. 
But the body is not a collection of independently operating parts: it is 
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a unified whole. It remains now to look at the two co-ordinating systems 
which, like a conductor of a great symphony orchestra, bring all the parts 
together in harmony, rhythm and perfection of performance. These are 
the nervous system and the endocrine or hormone system. 

The nervous system is the fastest-working of the two. Signals sent along 
nerve threads travel up to 100 yards a second. When your finger is burned, 
the news is flashed instantly to your central switchboard, which, with 
equal speed, sends back a message to your hand and arm to pull back 
from danger. 

But the nervous system is more than just a carrier of messages. It also 
is the best computer and integrator ever devised, modern electronic 
machines notwithstanding. Nervous tissue, arranged as it is in the human 
body, gives machinery for thought, volition, action and memory. 

The central switchboard of the nervous system, or the central nervous 
system, is composed of the brain, encased in the thick and protective 
skull and the spinal cord, which goes down the hollow backbone formed 
by the vertebral bones. 

The peripheral nerves are the thousands upon thousands of delicate 
nerve threads that radiate away from the central portion to communicate 
with all the tissues and organs and systems of the body. With the exception 
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With every nerve and fiber of his body straining for co-ordination, 
one-time U.S. diving champion Gary M. Tobian is caught in mid-spin. 
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Tennis is not only fun but an excellent exercise for the entire body, 
especially the arms and legs, as this player demonstrates in a well-ex- 
ecuted backhand shot. 
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An Olympic high jumper lim- 
bers up before the event to make 
sure all his muscles are supple. 
It also relaxes his nervous sys- 
tem, conserving energy for the 
moment when his whole body 
will be put to test. 


11, KEEPING FIT 


of nerves serving the head, all nerves connect with the central nervous 
system through exits and entrances along the spinal cord. 

Nerve threads function as if they were one-way streets. They either 
carry impulses out to the body, in which case they are called efferent 
nerves, or they carry back information about what is happening in the 
body, in which case they are called afferent nerves. In the case of the 
burned finger, afferent nerves flashed the news to the central nervous 
system which in turn instantaneously sent its message along efferent 
nerves directing the muscles to pull back. 

There are two general classes of nerves. Those over which you can 
willfully send and receive messages are the voluntary nerves. You use 
these when you desire to walk, or talk, or read, or do any other thing 
of which you are conscious. Another class are the autonomic nerves. 
You have little willful control over messages dispatched along these 
threads. There are afferent nerves that convey information about such 
important circumstances as the height of blood pressure and the depth of 


Nerves in action! This Santa Monica Little Leaguer has 
just struck out for the final out with two teammates on base. 
His Vancouver, B.C., opponent jumps for joy. 
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breathing. The central nervous system, in its turn, brings about necessary 
changes in such functions by dispatching signals along efferent auto- 
nomic nerve lines. 


Endocrine Glands and Hormones 


ORMONES ARE THE BODY'S slow-but-sure, long-lasting chemical regu- 
H lators. They are made and poured into the blood stream by seven 
endocrine glands. Because they are distributed in the blood stream, these 
chemicals can exert their influence at sites far removed from the points 
at which they are manufactured. 

What is it that hormones control? For one thing, hormones control 
the production of other hormones, but obviously this isn't their only 
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function. The influence of hormones on the body is vast and, what’s 
more, is not really well understood. It is known, however, that hormones 
help maintain homeostasis by controlling—as the needs arise—the reten- 
tion or excretion of vital minerals and salts. They also influence the rates 
of cell metabolism, of body growth and digestion. 

A principal endocrine gland is the pituitary gland, located just below 
the brain and two inches or so behind the nose. We call this a principal 
gland because the hormones it secretes into the blood influence the pro- 
duction of hormones by other’ endocrine glands. The pituitary has 
several parts and each part puts out its own series of hormones. Alto- 
gether, the pituitary produces at least nine chemical regulators. 

The thyroid gland is found against the front portion of the windpipe 
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just below the Adam’s apple. This gland produces a hormone called 
thyroxine, which influences growth and metabolism. One of the nine 
pituitary hormones, by the way, controls thyroid production of thyroxine. 

A third endocrine gland, the parathyroid, is found as four separate 
pieces imbedded in the thyroid tissue. This gland produces a hormone 
that regulates the use and excretion of calcium and phosphorus. 

This scattering of endocrine tissue through another organ is not uncom- 
mon. The pancreas gland not only contributes digestive juices to the ali- 
mentary canal, it also contains islands of endocrine tissue scattered 
throughout it. These pancreas islands secrete into the blood (not into the 
digestive tract) the hormone insulin, which is vitally necessary if our 
bodies are to be able to handle energy-giving sugar. 
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Hormones Regulate Digestion 


NDOCRINE TISSUE ALSO IS ENCOUNTERED in the lining of the stomach 

and the upper portion of the small intestine. This tissue produces 

five different hormones which regulate the complicated process of diges- 

tion, It is indeed fortunate that we have these chemical regulators to turn 
on and off the digestive juices at the proper times? 

The adrenal glands are located above the kidneys, one to each kidney. 
The adrenals are formed somewhat like small nuts, each with an outer 
shell called the cortex and an inner meat called the medulla. The cortex 
is essential to life; if it is removed, death results in twenty-four hours. The 
hormones of the adrenal cortex influence how we handle our fuels— 
proteins, carbohydrates and fats—as well as the way in which the kidneys 
excrete salt and water. 

No catalogue of hormones would be complete without mention of the 
hormones produced by our sex glands. These, chemically related to the 
hormones of the adrenal cortex, have much to do with the features that 
differentiate men and women. 


Pain is ‘borne with bravery by this Vietnamese child. 
Her father seems to be suffering far more. 


Sense Organs and What They Do 


UR SENSE ORGANS are the body’s contact with the outside world. 
Q From the moment we are born, the external reports start pouring in 
with lightning speed through the eyes that give us sight; the ears that 
give us hearing; the skin cells that give us touch; the nose that gives 
us smell; and the mouth buds that give us taste. 

The five basic senses work this way: A stimulus acts on the nerves 
in one of the sense organs. Impulses from the organ then travel to 
the brain. There the impulses are interpreted as a feeling of sensa- 
tion. Keep in mind, however, that although the brain interprets the 
impulses—say as pain in the case of a burned finger—the pain is felt 
not in the brain, but in the finger, that is, by a sense organ. 

In order to understand these vital organs, let us study them more 
closely. 
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Eyes: Tough and Resilient 


HE EYE IS AT WORK giving us sight every waking moment. It looks 

fragile but actually is resilient and surrounded by a tough protective 
covering. Just behind the transparent part of the covering is a space filled 
with a clear liquid, and back of this is a circular tissue with a hole in it. 
The tissue is called the iris—the colored part of the eye—and the 
hole is the pupil. On the inner edge of the iris is a ring of tiny muscles 
sensitive to light. Just behind the iris is a transparent circular lens 
made of tough tissue, whose muscles can focus the lens on near or 
far objects. 

The eye, in fact, operates on the same principle as the camera. A 
beam of light passing through the lens is reversed from right to left 
and is turned upside down. The light passes through the lens and tra- 
verses a large spherical cavity that makes up the bulk of the eye, 
passing easily through a clear liquid. Around the inner surface of this 
cavity is a coating of special nerve endings—the retina. The nerve 
endings connect with the optic nerve that leads to the brain. The nerve 
impulses arriving at the brain from the retina are interpreted as an 
image of the object, This interpretation also reverses the directions of 
the image, so that we do not see things backward and upside down. 


Ears: Sensitivity in the Skull 


HE MOST SENSITIVE PARTS of the ear, which gives us hearing, are 

inside the skull, well protected by a muscle called the tensor tympani, 
and by the Eustachian tube. The tensor tympani helps hold down damag- 
ingly loud noises. The Eustachian tube is the opening to the nose and 
throat which keeps equal the air pressure on both sides of the fragile ear- 
drum. 

We hear sounds—or noise—when any vibrating object pushes air waves 
into the ear canal, striking the eardrum. The vibrations—actually air 
molecules—travel through the middle ear, along a level of three bones, 
and to a membrane, or oval window. From there the vibration moves 
through the fluid of the cochlea, agitating tiny hairs which relay the 
message along the auditory nerve to the brain. 

Hearing in humans is a powerful sense. Within the sonic band for which 
the ear is designed—from about twenty to 20,000 vibrations a second— 
it is as sensitive as any other in the animal kingdom. Human hearing 
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also contains a directional sense that is extremely keen. With training, 
a person can learn to tell the exact location of twenty different instru- 
ments in an orchestra, with his back turned to the orchestra at a dis- 
tance of fifty feet. 


Skin: A Mantle of Nerve Endings 


HE CHIEF ORGANS of feeling are nerve endings in the skin—a mantle 
To millions of nerves to gauge warmth, cold, softness or pain. In 
addition, within the body, epithelial cells line all cavities, such as the 
mouth, stomach and sinuses, serving the same purpose. 

Not all feelings are detected by the same nerve endings. The skin 
contains more than 4 million nerve endings that detect pain alone. There 
are more than 15,000 that register heat and cold. The human hand 
has up to 13,000 nerve endings per square inch. 

Of all the outer organs, the fingertips not only are twice as sen- 
sitive as other parts of the hand, but are more sensitive than any 
other part of the body except the lips, tongue—and tip of the nose. 

Pain is carried by three types of nerves, the fastest being the “A” 
nerves which carry impulses at 175 miles an hour. These result in sharp 
pain. The slowest are *C" nerves which bring a throbbing pain and relay 
their sensation no faster than a man walks. 

The maximum source of pain has been found to be a grease burn, along 
with labour pains during birth, passing of large kidney stones and a 
burning cigarette held against the skin. Other high-ranking sources of 
pain include heart attacks, muscle cramps, certain headaches, toothaches, 
arthritis and sinus pains. 


Nose: A Damp Organ 


HE NOSE IS a strange organ. The inside of the nasal cavity is always 
damp. In the cavity, thousands of tiny hairs wave back and forth in a 
film of mucus that covers the olfactory membrane. When a smell—actually 
an odourous gas—enters, it dissolves in the mucus, its molecules stim- 
ulate the hairs and signals are sent via the olfactory bulb to the brain, 
where the impulses are interpreted as odours. 
The chemistry of smell is not clearly known. For example, not all gases 
react with the organ of smell to set up sensations of odour. Still, the 
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600,000 cells connected to the olfactory centre in the nose can detect 
seemingly limitless scents. One survey counted 17,000 odours among 
which the human nose can discriminate. 

The organ of smell seems to fatigue easily. That is, the sensation 
of odour weakens after a short time. Also: the discharge of mucus that 
accompanies a bad cold will cause you to lose your sense of smell. This 
is because the mucus forms a thick covering over the cells of the nose 
and prevents odour from coming in contact with the cells. 


Mouth: Home of the Taste Buds 


E SAY WE TASTE through our mouths. Actually, it is our taste buds, 

small organs just below the surface of the tongue and in three 
places in the throat, that do the job. We have about 10,000 of these 
taste bud receptors. 

Food taken into the mouth causes taste buds to produce the sensation 
of taste, but no one is quite sure what the process is, except that, 
like smell, it probably is the result of a mild chemical reaction. Taken 
by itself, taste is the most restricted of our senses, distinguishing among 
only four sensations—sweet, sour, salt and bitter. Luckily, taste doesn’t 
have to function alone, but is aided by our sense of smell. 

Taste buds have different functions. Those at the sides and tip of 
the tongue transmit impulses of saltiness to the brain. The buds at 
the tip of the tongue detect sweetness. Those near the base register 
bitterness. Those on the sides detect sourness. 

So far as we know, the taste process develops in this manner: The 
tongue pushes the food against the hard palate at the top of the mouth. 
Molecules of food dissolve in saliva—and it is this fluid that reaches 
the taste bud cells, The buds signal the brain via either the lingual 
nerve or another called the glossopharyngeal nerve. 

People tend to take their senses for granted. They shouldn’t, because 
they are essential not only as individual organs, but to the survival 
of the human mind. A traditional view used to be that the mind was 
something that could exist distinct from the senses. Now it seems that 
the higher brain functions are vitally dependent upon the senses, and 
that deprived of them, we would become mindless in a very short time. 
It is another example of how different parts of the human body team up 
to keep our internal world steady and harmonious. 
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Life expectancies in major 


countries around the world 


COUNTRY 
Australia 
Canada 
Denmark 
France 
Germany 
India 

Italy 

Japan 
Netherlands 
New Zealand 
Norway 
Sweden 
U.S.S.R. 
United Kingdom 


United States 
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If you were born in 1910 


you could expect to live 


55 years 
59 years 


50 years 
54 years 


56 years 
59 years 


48 years 
52 years 


47 years 
51 years 


23 years 
23 years 


44 years 
45 years 


44 years 
45 years 


51 years 
53 years 


59 years 
68 years 


55 years 
58 years 


55 years 
57 years 


(male) 
(female) 


(male) 
(female) 


(male) 
(femate) 


(male) 
(female) 


(male) 
(female) 


(male) 
(female) 


(male) 
(female) 


(male) 
(female) 


(male) 
(female) 


(male) 
(female) 


(male) 
(female) 


(male) 
(female) 


(male) 


(ct able) (female) 


52 years 
55 years 


50 years 
53 years 


(male) 
(female) 


(male) 
(female) 


If you were born in 1970 
you could expect to live 


70 years 
74 years 


68 years 
73 years 


70 years 
73 years 


67 years 
75 years 


67 years 
72 years 


42 years 
42 years 


66 years 
70 years 


65 years 
70 years 


71 years 
76 years 


68 years 
73 years 


71 years 
75 years 


72 years 
75 years 


64 years 
72 years 


68 years 
74 years 


68 years 
75 years 


